The black-chinned tilapia Sarotherodon melanotheron heudelotii is an ecologically appealing model as it shows exceptional adaptive capacities, especially with regard to salinity. In spite of this, this species is devoid of genomic resources, which impedes the understanding of such remarkable features. De novo assembly of transcript sequences produced by next-generation sequencing technologies offers a rapid approach to obtain expressed gene sequences for non-model organisms. It also facilitates the development of quantitative real-time PCR (qPCR) assays for analysing gene expression under different environmental conditions. Nevertheless, obtaining accurate and reliable qPCR results from such data requires a number of validations prior to interpretation. The transcriptome of S. melanotheron was sequenced to discover transcripts potentially involved in the plasticity of male reproduction in response to salinity variations. A set of 54 candidate and reference genes was selected through a digital gene expression (DGE) approach, and a de novo qPCR assay using these genes was validated for further detailed expression analyses. A user-friendly web interface was created for easy handling of the sequence data. This sequence collection represents a major transcriptomic resource for S. melanotheron and will provide a useful tool for functional genomics and genetics studies.
Introduction

46
Inland water ecosystems are subjected to natural, seasonal and between-year variations in 47 climate. Depending on their nature, duration and magnitude, these variations have contributed 48 to the evolution of physiological adaptations in fish species. These adaptations consist in 49 modifications of life history traits such as growth, age at sexual maturity (Duponchelle& 50 Panfili 1998; Stearns& Crandall 1984; Stewart 1988) , fecundity (Duponchelle et al. 2000; 51 Legendre& Ecoutin 1989) or trophic demand (Ogari& Dadzie 1988) . In this context, a better 52 delimitation of the adaptive capacities of species, and a deeper understanding of their inner 53 mechanisms, are tremendously needed to determine the threats upon these species. This issue 54 is particularly overwhelming in the field of reproductive biology, which has a more 55 straigntforward impact on fitness than any other biological function.
56
Species that already perform well or are tolerant to a broad range of environmental 57 conditions are thus excellent templates for investigating the responses to such fluctuations. In 58 this regard, the black-chinned tilapia Sarotherodon melanotheron heudelotii Rüppell 1852
59
(Teleostei, Cichlidae) is supposedly one of the record holders, since it has been reported to 60 reproduce at salinities ranging from 0 to 120 psu (Panfili et al. 2004; Panfili et al. 2006) . This 61 tilapia is a mouthbrooding fish in which the males pick up the fertilized eggs and incubate 62 them until they are released as free-swimming fry. In addition, the black-chinned tilapia S. 63 melanotheron is an excellent model for studying the plasticity of reproductive traits since: i) it 64 shows a remarkable adaptation to salinity and is, to our knowledge, the most plastic fish in 65 this respect; ii) natural populations occur in many different habitats from fresh-to hypersaline 66 waters ; iii) in culture conditions, it is capable of spawning spontaneously and has brief and 67 frequent reproduction cycles all year round; iv) it has a relatively small size and it is thus easy 68 to maintain adult fishes in different controlled conditions. NGS. Yet, obtaining, analysing and interpreting qPCR data is not a trivial issue, and requires 85 a thorough validation of every step of any de novo assay design (Bustin et al. 2010) .
86
Therefore, the present article describes not only the development of an important 87 transcriptomic resource for S. melanotheron, but also the detailed validation of a set of 88 candidate and reference genes that will enable in-depth expression studies on both wild and namely Missirah (40 psu), Foundiougne (53 psu) and Kaolack (95 psu). Adult fish were 98 caught using a cast net and then anesthetized in icy water. Size (fork length) and weight were 99 measured and the sex determined for each fish. Animals were dissected and a portion of both 100 liver and gonad was immediately immersed in a tube containing 10-20 volumes of RNAlater
101
(Ambion) and placed on ice. Tubes were maintained at 4°C all along the field campaign (3 102 days), and stored at -20°C upon arrival to the laboratory. The stage of sexual maturity was 103 determined macroscopically according to Legendre and Ecoutin (Legendre& Ecoutin 1989) .
104
A total of 10 males and 10 females were collected from each station. 
RNA extraction
107
RNA was extracted with the Nucleospin-8 total RNA isolation kit (Macherey-Nagel). Fifteen 108 to twenty mg of tissue preserved in RNA later (Ambion) were weighed and transferred into 2-109 ml tubes containing a 5-mm steel bead (Qiagen) as well as 360 µl lysis buffer supplemented 110 with 1% -mercaptoethanol (Sigma-Aldrich). Tissues were homogenized with a tissue lyzer 111 (Qiagen) for 2 min at 50 Hz. Tubes were then centrifuged for 5 min at 20,000 g and the 112 supernatants were transferred to new tubes and kept at -20°C overnight. RNA was extracted 113 the following day according to the manufacturer's instructions, using a Janus automated rotation for 2 hrs at room temperature. Gel debris were removed using Spin-X Cellulose
178
Acetate Filter (2 ml, 0.45 mm) and DNA was precipitated by adding 10 ml of 3 M sodium 179 acetate (pH 5.2) and 325 ml of cold ethanol, followed by centrifugation at 13,000g for 20 min.
180
After washing the pellet with 70% ethanol, the DNA was resuspended in 10 ml of 10 mM Illumina Pipeline, where sequence tags were obtained after purity filtering. This was followed 187 by sorting and counting the unique tags. optimal Tm of 62°C, optimal length of 22 nt and optimal GC content of 50%. 
Results
246
Main features of the sequence data
247
Considering the scarcity of tilapia sequences in public databases, the first step of this study ranged from 150 to > 3000 bp. Nearly 60% of them could be annotated from public databases.
254
The main features of sequence data are displayed in Table 1 . (Table 3) . According to NormFinder, using these 4 genes as reference instead of only 336 one would decrease the accumulated SD by nearly 2 (Table 3) . 
393
It is acknowledged that the reverse transcription step accounts for a large part of variability 394 in a qPCR assay (Bishop et al. 1997) . In order to limit this bias, all the primers were selected 395 in the most 3' region of the transcripts; this was made easy by the 3' tag approach that was 396 used for DGE. Then, combined with the use of oligo-dTs, this dramatically reduced the 397 probability to obtain cDNAs that could not be amplified by the designed primers because of 
408
In conclusion, the present study has generated a large transcriptomic resource that will be quantitative RT-PCR data by geometric averaging of multiple internal control genes.
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Cycles
Mathematical approach: analysis of differential expression
When comparing two populations of tags, the problem is to distinguish random fluctuation from a biologically significant change. One must calculate the probability for a given tag to be observed x times in a sample of N 1 elements and y times in a sample of N 2 .Using actual experimental series of tag counts, we checked (data not illustrated) that registered variations were in fair agreement with the assumption that x values are binomially distributed: When performing an other round of analysis and picking up y tags among N 2 , the probability is: (2) and, when picking up x + y times the same tag in N 1 + N 2 , the probability is : 
Let us consider now the conditional probability P(x, y ; N 1 , N 2 | x + y ; N 1 + N 2 ) that, knowing the overall result of two random samplings of x + y tags among N 1 + N 2 , then x copies of a tag had actually been picked among N 1 and y among N 2 . According to Bayes' theorem, for two events A and B, the probability for A occuring knowing B is :
Using ( 
Since the fact that x copies of a tag have been found in N 1 , and y in N 2 implies that x + y tags occured in N 1 + N 2 , it follows that : P(x + y ; N 1 + N 2 | x, y ; N 1 , N 2 ) = 1. Now, considering the two independent binomial distributions (1) et (2), we can write P(x, y ; N 1 , N 2 ) = P 1 (x ; N 1 ) P 2 (y ; N 2 ).
Equation (5) 
Combining (1), (2) et (3) in (6), we obtain: 
The symetry of equation (7) allows to compare independent experiments, with tag libraries of different sizes. A low P value will allow to consider the variation as being biologically relevant.
